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INTRODUCTION 

The Scotian silver hake is one of the most important commercial 

species in the international ftsheH.: . Optimization of the fishing 

for this species 	 dev.olors of mcas ,_:res fsr management of bio- 

logical resources in this region must be scientifically based. For 

stock and allowable catch assessment, the data on catch composition, 

mortality, paramato -yc which chrivractori 	the growth, etc. are requi- 

red. The studies of ags composition and rate of growth relative to 

body length and weight are very significant. For instance, Waldron 

and Fanning 0986) reported that the increase of the mean weight by 

age is indicative of the fact that the population had been under-

exploited. 

The data on the growth of hake have been reported by the Cana-

dian, Soviet and Cuban investigators. The authors made calculations 

mainly regardless of the sex. As to the Canadian data ( ,laldron and 

Fanning, 1986; Waldron, Fanning, Bourbounais, Shoneell, 1988), the 

figures of the mean weight by age give rise to doubts as they result 

from the "length-weight" relationship. To obtain precise estimates 

of the growth of the fish in the population and reliable data on 

mean weight, which are essential for stock assessment we also attem-

pted to determine the parameters of the growth equation according 

to Bertalanffy, separately by sex, for mean body length and weight. 



MATERIALS AND METHODS 

All the data were adopted from the AtlantNIRO archives. Among 

them are the data used for: 

- estimating the length by age for the 1984-1985 period (182 592 

specimens); 

- estimating the mean weight by age and sex for the 1978-1986 

period (5 165 specimens). 

The weight, length and parameters of the Bertalanffy's equation 

were estimated separately for males and females. The least squares 

method was used to calculate the coefficients of the "length-

weight" relationship. Several variants with differing number of 

age groups were used to determine the parameters Woo , L ree,  , K 

and t o  . 

RESULTS AND DISCUSSION 

1. Rates of growth of body length and weight. 

Linear growth of the Scotian silver hake in 1975 and over the 

1983-1985 period are presented in table 1, and the graph of its 

variation is shown in fig. 1. 

The largest yearly linear growth increment takes place during 

the first year of life. The intensive growth persists till the 

fish is two and a half years of age. The linear growth slackens 

in the third year of life when maturation of gonads occurs. Such 

a rate of growth persists in the males and females till they are 

four years old. At the age of five and older the rate of growth 

increases again. 

In the first and second years of life, actually no difference 

in the rate of growth exists between the males and females. The 

females begin to grow faster in the third year of life, this ten-

dency persisting to the end of their life. In general, a tendency 

of variation of the length by age is similar for both sexes: the 

curve is negatively exponential in first three age groups, and 

positively exponential afterwards. In samples, the females to nine 

years of age are common, sometimes ten or eleven year old specimens 

occur and individually the specimens of twelve years old while the 

males are mainly represented by the four year old specimens and 

indiVidually by seven y-or •lt specimens. The only observed case 

of occurrence of 	 year old male was in 1985. 



The maximum length of the females in the samples was 67 cm, and 

that of the males - 40 cm. 

The rate of , -;:yvTh of th•? 	weight differs from the linear 

growth. The mean body weight of the males in the first year of life 

is somewhat larger than in the females (50 g and 47 g, respectively). 

Beginning from the age of tw), however, the weight of the females 

exceeds that of the males. Later it gradually increases in the fe-

males, and after they are six year old, when almost all males pe-

rish, the mean weight sharply increases, in particular, at the age 

of eight, nine and ten. 

The mean weights of the hake by age over the 1978-1986 period 

are given in table 2. The graph of variation of the weight by age 

is shown in fig. 2. The curve of age and weight for the males is 

rectilinear for the first four years of life and negatively expo-

nential afterwards. For the females, the curve is also almost 

straight during the first four years and positively exponential 

afterwards. A sharp increase of the weight in the females in the 

late years of life can be probably attributed to the fact that the 

proportion of the fish and squids in their ration increases with 

the growth of length. According to Vinogradov (1982), the females 

of the maximum size are exclusively ichthyophagous and are apt to 

excessive cannibalism. The males do not change their food spectrum 

with age feeding mostly on the euphausiids and on the fish to a 

lesser degree. Therefore the growth pattern of the silver hake 

needs to be studied separately by sex. 

There exist the other differences between our and Canadian 

data. They will be dealt with in another paper. 

2. "Length-weight" relationship. 

The correlation between the length and weight of the silver 

hake was studied from the data for the 1934-1986 period. 

The "length-weight" relationship is described by the formula: 

W = a • Lb , 

where W is the body length weight, g , 

L is the length, cm, 

a, b are the coefficients. 

On calculating these coefficients using the least squares method 

and substituting them into the formula, it reads: 
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- total 

ln W = ln a + b ln L 

In W = in 0,0012 + 3,5145 • In L 

W = 0.0012 • L3 ' 5145  

Standard error 0%1=2.97% 

- for males: 

W = 0.0029 • L3.2307  

SD% = 7.29% 

-for females: 

W = 0.0011 • L3 ' 5333  

SD70 = 3.1 

As is evident, the weight increases faster in the females than 

in the males, and, in general, the weight of the hake increases 

faster in the late years of life (greater than the exponent -

3.2307 and 3.5333). 

The graph of the "length-weigth" relationship is shown in figs. 

3 and 4. Mari and Saba (1978) examined a total of 375 specimens, 

with 96 males and 236 females ratio. The fish were sampled during 

one cruise of the etp "Isla de la Juventus". The reported formula 

was as follows: 

W = 0.002865 • L 3.225476 

3. Bertalanffy's growth equation. 

For assessment z , f 	optielm cetc:In size, the mathematical exp- 

ression of the growth is required, we,ich may both characterize the 

initial data and be useful in the analytial study of the growth. 

The Bertalanffy's equation satisfies all these requirements (Von 

Bertalanffy, 1934, 1938). 

L t  = Loo • (1 - e-k(t-t o ) ) 

W t  = w oo  • 	
- e-k(t-to))3 

As ithas already been stated, the parameters K, t o , Lm  and W
c,0 

 were calculated usin: different variants. 

3.1. For females: 

four variants were used: 7, 8, 9 and 10 age groups resulting 

in different growth equations. 

It has been found that the more the number of age groups the 

smaller the difference between the actual and theoretical values 
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for the older age groups; therefore, we selected the variants with 

nine age groups: 

Woo = 115111.8 g 	K = 0.019 	to  = - 3.4 

Loo = 103 cm 	K = 0.054 	to  = - 3.1 

3.2. For males: 

just one variant was used: six age groups resulting in: 

Lc = 435.8g 	K= 0.3453 	t o= -0.9 

Lc= 43.3 cm 	K= 0.2507 	t o= - 1.6 

It is known that for the biological organisms, in general, and 

for the fish, in particular, the curves of the growth represent an 

assymetrical sigmoide with an extended right branch (Roice, 1975; 

Ricker, 19 83) . However as stated by Nikolsky '(1974), the existence 

of the common formula of growth which would satisfactorily characte-

rize the growth of the majority of fish species at all developmental 

stages of the ontogenesis is impossible, though the formula of the 

Bertalanffy's equation yields satisfactory results. 

As can be seen, of all the variants for the females the only 

variant II evidently suits the parameters W , L , k and t o . It is 

indicative of the fact that the growth inc)ment in the silver hake 

females submits to the regularities of growth as per the Bertalanffy's 

growth equation until they are eight and then proceeds faster. 

The calculation yielded increadible results. It can be assumed that 

in females, the growth curve from the Bertalanffy's equation reflects 

only early and middle developmental stages in the ontogenesis when 

it still remains positively exponential; at later stages it may turn 

out to be negative and approach the asymptote, however, the hake 

do not live to that moment. 

In the males, the theoretical asymptotic growth by weight and 

length is conoistent with the data. The equation for the Scotian silver 

hake male growth reads: 

Lt= 43.3 (I - o-0.2507(t+1.6)) 

it  = 435.8 (I - e-0.3453(t+0.8))3 

1 
At the age t = R  + t o , the hake attain 0.63 L and 0.25 W 

L t = L(1-e-1 ) = 0.63 L oo  

W t = W=(1-e -1 ) = 0.25 W oo  

The inflection p:' -.t n the silver hake malss occurs when they 

as 



attain the length of 27.3 cm and the weight of 109 g (at the age 

of. 2). ' 

For the females, the equation is as follows: 

L t  = 103 (I - e-0.°544 (tH3.1) 

Wt  = 115111.8 
(I  _e-0.019(t+3.i) ) 3 

SUMMARY 

The peculiarit; of the silver hake growth is that the males grow 

slowlier than the females and live four year; in mass while the fema-

les grow faster and live to six yeas in mass. The rates of linear and 

weight growth of the females do not slacken with age, which can be 

explained by a transition to intensive feeding on the fish at older 

age. 

The clength-weight" ratio with a greater index in the power 

(b = 3.5145) showed that the curve of this relationship for the hake 

is more rounded than for the other fish species. The curve is more 

rounded for the females than for males. 

The parameters of the Bertalanffy's growth equation (W o  and L00) 

appear to be realistic for the males while for the females these 

values are considered to be formal and theoretical, though the equati-

on itself is reliable enough. 

REFERENCES 

MARI A. and B.SABA, 1978. Length- weight relationship for silver hake 

on the Scotian Shelf 1 GNAT Res.Doc./78/V1/55. Serial n 5221,. 

1978. - 5p. 

NIKOLSKY G.V., 1974. Theory of fish stock dynamics. - M.: Pishchevaya 

promyshlennost, 446 p. 

RICKER W.E., 1983. Quantitative indices and models of the fish growth. 

Bioenergetics and growth of fish. - N.: Legkaya 1 Pishchevaya 

promyshlennost. p. 437-402. 

VINOGRADOV V.N., 1982. Feeding, food relationships of silver hake, 

Merluccius bilinearis Mitch., and reifish Uroshycis chuss 

Walbaum, in Georges Bank area and adj:12,iliL watern. Thnia for 

Biology Dr.- Kaliningrad. 211 p. 

WALDRON D.R. and L.P.FANNING, 1936. Assesment of the Scotian Shelf 

silver hake population in 1985 //NAFO.SCR.Doc., 86/62. Serial 

No. N 1187. 29 p. 



ha
ke

  
by

  a
g

e  

p 

ri 

ri 
0 
0 
O 

0 

4-> 

a•-■ 
0 

E 
0 

4 
A 

WALDRON D.E., FANNING L.D., BOURBOUNAIS M.C., SHONEELL M.A., 1988. 

Size of Scotian shelf silver hake population in 1987//NAIO 

SCR.Doc. 85/51. Serial No. N 1491. p. 

WILLIAM F.ROICE, 1975. Introduction to fisheries science, M.: Pishche-

vaya promyshlennost. 271 p. 

0' 0 	1/40 N.0 	m M 	0 0 	CM 	n n 
• • 	• 	• 	• 	 • 	• 

N N 	CA MN 	0 0 	t- N 	r r 	0 0 
In TN 	e 	LIN In 	 e 	s LIN 	tfN LIN 

0 0 	N N 	r r 	0 0 	r r 	 M 
• • 	 • 	• 	• 	• 

♦0 NO 	.'1r% 	t- t- 	In 4-1 	 InIn
e 	 e 	e 	e 	 e 

rn r1 	0 Cr 	LIN tf1 
• • 	 • 	• 
r r N N n n 	r r n n 	N N 

-‘1" •t- 	e 	 e 

tr, in r t 0 e -4- n 1/40 1/40 	0 rn n CO ni 0 	.- 0 of 
. 	 • 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 

∎0 CO CO 1/40 N C--  t--- a \ al 	t-- C0 GO C-- r - 	C-- 0 CO 
rn rn n in en rn rn M 1'1 	n n n n e e n rn n 

• 0 CO CO 0 03 1/40 n r 	N 0 CO n 1/40 r 
• • 	• 	 • 	• 	• 	• 	• 	• 

• 1-  NO LIN 	-4- L.2) LIN 	.4- t0 	LITh LIN LIN 	in t- r- 
n rn n n rl 	n r1 n 	rn n n n n rn 

0 1/40 1-.1 r- in m m 0 In 	0 	 reN r 	N 0 L,0 
• • 	• 	 • 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 

N N N N frLN •-• rn N N N 	N n n N 	(NJ 
n rn n 	rn 	rn 	n 	rn rn rn 	r-‘ 	n  

to 
M 0 P-1 0 e in CO e O 	m l0 r 	N 41-■ 0 CV 

• • 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 	• 
MS L- 0 Or- 0 MOO 	MOO M00 MO 0 
N trN rl rn n rn N rn n 	Nnn Nnn °inn 

In N tr‘ In O.  N CO rel rt Mt- eCID CO .4- 0 MOM 
• • 	• 	• 	• 	• 	 • 	• 	• 	• 	• 	• 

I"- ti t--N 	In N.0 1/41) 	n t-- 1/40 1/40 	1/40 	 ‘0 L i0 
NNN NNN NNN NNNN NNN NNN 

rn 
• 	

• 
	• 

0 0 0 
• N C4 

e m r r 0 0 e N N r  t- In CO 0 n 
• • 	• 	 • 	• 	• 	• 	• 	• 	• 

0 0 0 0 0 0 al 0 0 r 0 0 0 
N N N N r N N NNNN N N N 

C- 

N.0 

ON .4- 
• • 	• 

• 'D 1/40 
n n 

In 

H 
ru 5D dth- 

w OD 
tT 

'b or 	ciftb► vo cw.b+ ; Po 0+ • 1So 0:0,-  

N 	n 	`4' 
CO 	 CO 
01 	 CT% 
r 	 I-. 

LIN 



N 

a 

Cd 
We

ig
h
t
 
(
g

)  
o
f  
t
h
e
  
Sc
o
ti

a
n
  s

i
l
v
e
r  

h
a
k
e
  
b
y
  
y
e
a
r
  

0 

ON 01 

n o 

cri 
r 

V) 	00 

In , a 
re l 
in 
r 

ON 	1/4 
CO N 

'0 0 
LC 1/4 
e-- 

r 
r--  

0 N N 

00 

N 
n 
LIN 
N 

.0 
n 
r CO 

N 	C71 
01/4 	CA 

N 
r 
crl 

Lt. 01 
N0J 

.4-  - 
- 4 	1/4.0 

,43 01/4 In 

1/40 
n 
N 

Ce1/4 
In 

0-1/4 
r . 	CO  

ir1/4 

1/40 	IA 
In 

‘,0 	n 

r1 

In N 
n In 

rn •cl- 
01/4 
to 

' n 	In 
03 

In 

C0 H- 

N 

-1-  V) 

111 

01 

In 
N n 0 N 01/4 N N N N N 01 4'1 1/40 
O 

\ 
r C1/41 	V) 

In 
01 01 

N 
O In 

N 
In N N In CO 

r N 
r 
Di 

N N 	C.N .- N N1 V) CD 0 UN Ill 	CO 	1/40 rel 
10 1/40 	01 Cr1/4 N N 1/4.0 	0 N CO ON 	CO 07) 

N N N 

N 1/40 00 	1/40 N 01/4 	.3) n Ln i•ct. C1 r n to tn In 
In 

CO r 

N 

1/4.0 

Lf \ 

r 

en, 

01 

1/40 

r1/4 

N 

ON 	01/4 oN 

N 

co 

to O ‘o 

ono n 
1/40 	r tr r C-  N -4 01 n fr 

C C C z Z 

Cn 0+ I 04 I  sO 

CO 
N 

O 
co ID 

0 ON ON C' 
 

>1 



0 

0 

r-1 

E 7 
U • > 
0. 
0 

..0 
0) 

O r 

3- 3 

.0 

• 

C 

§ 
E 

C 



/ 9 

35 

30 

2o 

20 

15
0 i

• 	
2 	3 	4 5 	6 

- 10 - 

Age (years)(years) 

Fig. 1. 'Yearly increase of the Scotian silver hake males and 

females length (in 1981 to 1985). 
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Fig. 2. - Yearly increase of t ,:e Scotian silver hake weight (in 

1978 to 19236). 
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Fig. 3. Length and weight of the Scotian silver hake in 1978 to 

1986. 
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Fig. 5. Typical cu2; of increc3e of aquatic animal growth. 

Inflection point usually occurs in the first half of life 

at Wt = 	40,(According to von Bertalanffy). 
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